Objective: To investigate the growth and feeding practices in first-generation Vietnamese infants living in Australia. Design: Cohort study. Setting: The study was conducted between 1999 and 2002 in Sydney. Subjects: A total of 239 Vietnamese women were recruited randomly from antenatal clinics, and of these 210 were initially seen. During the first year, 20 cases (9.5%) were lost to follow-up. Data were collected at 0.5, 2, 4, 6, 9 and 12 months. Results: Vietnamese infants were significantly longer and heavier than reference data (both Po0.0001). The Vietnamese infants had a significant decline in weight growth with age compared with reference data (Po0.001). The Vietnamese infants had marginally higher s.d. score for ideal weight for length than reference data (P ¼ 0.044). There was a significant decline in ideal weight for length with age compared with reference data (P ¼ 0.0065). Both parents were significantly shorter (mean s.d. height scores: À1.570.8 (mother) and À1.870.8 (father)) than reference data (Po0.001). The incidence of breast feeding was 79%, but half of the breast feeding women had stopped breast feeding by 3 months. A total of 162 (79.8%) infants were given infant formula within the first week, of whom 131 (80.1%) were fed infant formula within the first 24 h after birth. Conclusions: Vietnamese infants in this study had growth comparable with reference data despite their parents being shorter than reference data. Breast feeding duration was short with infant formula being introduced early. Sponsorship:
Introduction
Studies in developed countries of the growth of children from different ethnic and racial backgrounds have yielded conflicting results. In some studies, there have been no significant differences in growth compared with growth references except for birth weight (Warrington & Storey, 1988; Duggan & Harbottle, 1996) . However, a reduction in height has been reported in a large study of Asian children mainly born in the USA (Gjerdingen et al, 1996) . In a longitudinal study of growth of Vietnamese infants in Australia, lower weight for both males and females, and reduction in length for females were documented at 1 y compared with non-Vietnamese infants (Reynolds et al, 1988) . In a study in Hong Kong, Chinese infants were lighter and shorter than the reference at 2 y of age, despite an apparent energy intake comparable with that of healthy Caucasian infants (Leung & Davies, 1994) . It is not clear from these studies whether the different findings are due to differences in nutrition and/or genetic constitution.
Health workers in developed countries have been concerned about the switch to inappropriate infant feeding practices among immigrant Asian mothers, and in Australia this concern has been expressed especially with regard to Vietnamese mothers (Mathews & Manderson, 1980) . Nutritionally, it is possible that Vietnamese infants may be at risk because traditional infant feeding practices often change subsequent to immigration. Immigrant women breast fed less frequently, introduce solids earlier and use more commercial infant foods than in their native countries (Evans et al, 1976; Henderson & Brown, 1987; Tuttle & Dewey, 1994) . The aim of this study was to investigate the growth and feeding practices of Vietnamese infants living in Sydney during the first year of life.
Methods
Location and subjects This is a report of the first year of a 2-y cohort study investigating the growth and feeding practices of Vietnamese infants living in South Western Sydney, known as the Vietnamese infant growth study (VIGS). VIGS was conducted in South Western Sydney, because of the large number of Vietnamese people living in this area.
Vietnamese women were recruited from antenatal clinics at three main public hospitals, in proportion to the annual number of Vietnamese births at each hospital. Criteria for inclusion were:
Mother
Born in Vietnam Older than 16 y of age No chronic illness (including HIV and hepatitis) No medications or narcotics on a regular basis Living within 20-km radius of the recruitment hospital Infant Singleton birth Normal gestational age (37-42 weeks) Birth weight between the 3rd to 97th percentiles for gestational age (Beeby et al, 1996) This study was approved by the Human Ethics Committees of the Children's Hospital at Westmead and the South Western Sydney Area Health Service and written informed consent was obtained from parents.
Study design
The first home visit was scheduled as close as possible to birth (within 6 weeks), with subsequent home visits bimonthly up to 6 months and trimonthly thereafter, following the WHO recommendations for evaluating growth (WHO, Working Group on Infant Growth, 1994) . This report describes the first six visits, from birth to 1 y of age. The same two observers collected all data.
At the first visit, demographic information was obtained from the parents, using questions from the National Health and Nutrition Survey 1995 (Australian Bureau of Statistics, 1995) . This information included age, marital status, country of birth, place of residency before Australia, year of arrival in Australia, language spoken at home, highest level of education completed and current employment status. From the mother and the antenatal records, information was obtained on pregnancy including nicotine and alcohol use, and any pregnancy complications. Birth data were collected from the birth record, and included sex, gestational age, labour and neonatal complications and Apgar scores.
Breast feeding was defined according to WHO (WHO, 1991) and consisted of four categories: exclusive breast feeding, predominant breast feeding, complementary feeding and non-breast feeding. The breast feeding pattern was categorised slightly differently to that of WHO (WHO, 1991) , as the whole year rather than just the 24 h preceding each visit was used to define breast feeding.
At each visit, information was obtained on infant feeding practices, nutrient intake and growth. The infant feeding practices included breast and formula feeding, the feeding of other fluids and solid foods. Nutrient intake of the nonbreast-fed infants was obtained by 24-h recall administered by the same Vietnamese researcher. The diet records were analysed with a computer program (FoodWorks2.10, Xyris Software Pty Ltd, Highgate Hill, Queensland, Australia), based on the Australian food composition database NUTTAB95 (National Food Authority, 1995) , and the results were compared to Recommended Dietary Intakes (RDIs) (Butte, 1996; Dewey et al, 1996) . Energy, protein, carbohydrate and fat intakes were expressed per kg bodyweight and for energy and protein compared with RDIs. Growth assessment consisted of anthropometric measurements of weight and length. These data were collected with calibrated instruments following standard techniques, as described by Lohman et al (1988) . Bare weight in kilograms was measured to the nearest 10 g using electronic infant scales (Wedderburn). Recumbent length (to the nearest 0.1 cm) was measured using an infantometer (Holtain Ltd, Crymych Dyfed, Britain). Weight and length, at birth, were obtained from birth records. A portable height measurer (Wedderburn Scales, Tanita) and an electronic weight scale (Wedderburn, Tanita, System 502) were used to measure the parents. Mother's weight at 2 y postpartum was recorded to reflect weight post-breast feeding. Measurements of length/height, weight and ideal weight for height (for infants only) were expressed as s.d. scores (or Z-scores) of new CDC growth reference (Kuczmarski et al, 2000) . The new CDC growth reference is based on five national health examination surveys collected from 1963 to 1994 and five supplementary data sources. The revision provides more accurate growth references using more representative data with more advanced statistical methods than the previous reference; so the new data better represent the racial/ethnic diversity and the growth patterns of breast-and formula-fed infants in the United States. For these reasons, it seemed appropriate to use this reference for this study. The age intervals were calculated similar to the growth reference data; that is, age was truncated to the nearest full month, for example, 1 month (1.0-1.9 months), 2 months (2.0-2.9 months), and so forth.
Data analysis
The data were analysed using SPSS (version 10, SPSS Inc., Chicago, IL, USA) and SAS (version 8.02, SAS Institute Inc., Cary, NC, USA) softwares. A minimum sample size of 100 children was required to demonstrate that the normalised growth was 0.5 s.d.s below the growth reference (power ¼ 90%, Po0.05).
Anthropometric data were analysed by using mixed effect model. This model included age as fixed effect with a random intercept and slope (age) to test the differences of s.d. scores of VIGS infants from a reference median of zero. The birth data were excluded from the model because they were not obtained by standardised method. Analysis of variance model using summary statistics (sample size, mean and s.d.) was used to compare growth between VIGS infants and Vietnamese infants in Vietnam and in France by PROC GLM (SAS), with group, age and their interaction as factors. To control for possible inflation, the Bonferroni correction procedure was applied, and pairwise differences with 95% confidence intervals were computed after adjusting for the multiple comparisons. Difference in duration of breast feeding between Australia and Vietnam in multiparous mothers was tested by MannWhitney. Demographic differences between parents were tested by t-test or w 2 analyses determined by the distribution of the data. Student's t-test and binomial test (against a constant) were used to compare energy and protein intakes with RDIs, respectively. Bonferroni procedure was applied to control type I error rate in multiple comparisons. Differences in energy and protein intakes between male and female infants were tested with Student's t-test after log 10 transformation. Pearson or Spearman correlations (dependent on the variable distribution) were used to measure the relation between energy intake and weight gain. Variables are expressed as mean7s.d., unless otherwise stated. The significance level was set at Pr0.05 with 95% CI.
Results
Response rate A total of 321 women were recruited antenatally, of whom 239 (74.5%) agreed to participate. In all, 210 (65.4%) infants were enrolled in the study at birth as 26 cases were lost to follow-up prior to birth and three moved interstate. During the first year, there were 20 cases lost to follow-up and 29 missing data points at home visits because of holiday absences.
Pregnancy characteristics
During pregnancy, none of the women smoked cigarettes, and only one occasionally consumed a small amount of alcohol. The majority of the mothers (178 (80.7%)) had no pregnancy complications, and of those with pregnancy complications 25 mothers had gestational diabetes, and seven had hypertension. Of the mothers, 100 (47.6%) were primiparous.
Birth characteristics
Of the 210 infants (111 males), 157 (85.8%) and 206 (99.6%) had Apgar scores between 7 and 10 at 1 min, and between 9 and 10 at 10 min, respectively. All of the infants had uncomplicated deliveries; 185 (88.9%) were born spontaneously and 19 (9.1%) were caesarean deliveries. During the neonatal period, eight infants (3.8%) had minor complications: four with mild respiratory distress, one with tachycardia and three with hypoglycaemia and hypothermia. However, all infants were healthy at hospital discharge.
Characteristics of the parents
In comparison with the fathers, the mothers were younger, fewer had tertiary education, less were employed outside the home, and on average they had been in Australia for a shorter length of time ( 
Growth of infants
Growth data of the infants are shown in Tables 2 and 3. Using mixed model analysis, there was no significant difference in s.d. scores for length and weight between male and female infants at any age (data not shown). Therefore, s.d. scores for the sexes were combined. Mixed model analysis showed that the Vietnamese infants were significantly longer and heavier than reference data (both Po0.0001). The Vietnamese infants had a significant decline in weight growth with age compared with reference data (Po0.001). The Vietnamese infants had marginally higher s.d. score for ideal weight for length than reference data (P ¼ 0.044). There was a significant decline in ideal weight for length with age compared with reference data (P ¼ 0.0065) (Figure 1 ). The VIGS infants were longer and heavier than Vietnamese infants living in Vietnam (Hop et al, 1997) (Po0.0001) at all time points for both sexes (Figure 2) . The VIGS infants were longer and heavier than the Vietnamese infants living in France (Rollivé-Sausse, 1994) at all time points (Po0.05), except for weight at birth for both sexes, and length at 12 months for females, where there were no differences between the two data sets (P ¼ 0.22, 0.26 and 0.07, respectively) ( Figure 2 ).
Infant feeding practices
Nutrient intakes. The nutrient intakes of the infants are shown in Table 4 . There were no significant differences between the sexes for energy and protein intake. The energy intake of Vietnamese infants was significantly higher or similar to recommendations at all ages (Table 4 ) and the protein intake was significantly higher than recommendations for each age (Table 4) . There was no correlation between energy intake and weight increments (data not shown).
Breast feeding. A total of 165 of the 210 (78.6%, 95% CI: 73.0-84.1%) infants were initially breast fed, all of whom were fed colostrum. The prevalence of breast feeding for the first year is shown in Figure 3 . In all, 22 children (10.5%, 95% CI: 6.3-14.6%) were exclusively breast fed at 6 days of age, and only one child was exclusively breast fed at 4 months of age. Among 165 children who were initially breast fed, 30.8% (95% CI: 23.8-37.8%) and 13.3% (95% CI: 8.1-18.5%) were still breast fed at 6 and 12 months, respectively.
Infant formula. Of 210 infants, 162 (77.1%, 95% CI: 71.5-82.8%) were given infant formula within the first week, of (Kuczmarski et al, 2000) .
whom 131 (80.1%, 95% CI: 73.9-86.6%) were fed infant formula within the first 24 h after birth. There were 15 mothers who gave infant formula at birth, but stopped using infant formula once breast feeding had been established. 
Discussion
This cohort study was undertaken to evaluate longitudinally growth and feeding practices of Vietnamese infants living in South Western Sydney. The results demonstrate that either the male or female infants as a group maintained height and weight growth above the growth reference over the first year of life. The results also indicate that the duration of breast feeding was short (less than 40% breast feeding at 3 months of age) and that over 75% of the infants received infant formula within the first week of life. Another striking observation was that the infants' parents who were all born overseas mainly in Vietnam were significantly shorter and lighter than the reference population.
Infant growth
Growth comparable to reference data observed in this study is similar to that observed in Vietnamese children born in France (Rollivé-Sausse, 1994), and in several other studies in developed countries (Baldwin & Sutherland, 1988; Gjerdingen et al, 1996; Mei et al, 1998; Lee et al, 1999) of infants of immigrant women from Asian countries (Warrington & Storey, 1988) . However, the infants in our study have shown greater growth compared with a previous study of Vietnamese infants in Australia (Reynolds et al, 1988 ). An explanation for the different growth findings between these two studies is not readily apparent. They may relate to the longer time of residence in Australia of our subjects, our larger sample size, a secular increase in growth or an improvement in nutrition. A previous study in Australia (Loka et al, 1994) in older aged children from Southeast Asia reported that Australian-born children were significantly taller and heavier than their overseas-born counterparts. An increase in growth has also been documented in different cohorts of Asian refugee children growing up in North America over a 15-y period (Mei et al, 1998) . The near normal growth of Vietnamese infants in this study despite their parents being shorter and lighter than reference data (Kuczmarski et al, 2000) supports the importance of environmental factors such as nutrition in the determination of growth. The adequate nutritional intake of those infants was corroborated by their energy and protein intakes. Near normal growth was achieved by infants in the current study irrespective of the choice of feeding regimen. Although breast feeding was initially close to the NSW average of 78.4% (Donath & Amir, 2000) , 50% of mothers had stopped breast feeding by 3 months of age and only one infant was exclusively breast fed beyond 4 months of age. The rate of breast feeding over the first year was certainly below that observed in Vietnam, where breast feeding rates exceed 94% (Morrow, 1996) . In addition, it is very clear that mothers in the Australian community have very ready access to formula milks, with 75% of the infants receiving complementary formula feeds within the first week of life. Formula feeds are obviously seen as a viable alternative to breast feeding in this group of mothers. While this practice has not disadvantaged the growth of these infants, we were not in a position to compare growth between breast-and formula-fed groups considering the early introduction of formula to most infants. We also did not find an early introduction of solids as has been reported in previous studies in Vietnamese infants in Australia (Mathews & Manderson, 1980; Manderson & Mathews, 1981; Henderson & Brown, 1987; Reynolds et al, 1988; Sharma et al, 1994) .
Limitation of the study Of some concern in the present study was the fall-off in weight by 12 months when the average weight s.d. score was significantly less than zero. The possible effect of this on linear growth will be tested in the second year of the study. There are possible sources of bias in this study. Firstly, there were the nonresponders, who may have been different from the responders, although the initial response rate was fairly high (65%). We were not able to collect socio-demographic information on all nonresponders. However, of 20 who were lost to follow-up during the first year, there were no significant differences in socio-demographic and infant characteristics compared with participants. Another source of bias may have arisen through the mother's recall ability, (Dewey et al, 1996) at Po0.001 (binomial test).
c Significantly higher than RDI (Butte, 1996) at Po0.001 (one-sample t-test). d Significantly higher than RDI (Butte, 1996) at P=0.007 (one-sample t-test).
e Significantly higher than RDI (Butte, 1996) at Po0.001 (one-sample t-test). particularly with regard to questions related to mother's feeding history. Finally, the infants sampled in this study were only singletons, full term and healthy as defined by the selection criteria, so the results on feeding practices may not be representative for all Vietnamese women in South Western Sydney. Despite these limitations, the sample size was adequate to assess growth.
In conclusion, the present study demonstrates that Vietnamese infants living in Australia have growth patterns comparable to reference data despite their parents having growth less than reference data. On average, the infants had adequate nutrient intakes in terms of energy and protein during the first year. Although there was high initiation of breast feeding, duration was short and exclusive breast feeding was very low with infant formula being introduced at an early age.
